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Introduction
One of the major medical issues of the last past years is represented by the chronic kidney disease (CKD), whose prevalence in the general population reaches the value of 11% and is increasing (1) . CKD is defined as a persistent kidney disease and the reduction in kidney function, the glomerular filtration rate (GFR) < 60 ml/min/1.73 m2 for 3 or more months, irrespective of the etiology. The presence of the chronic kidney disease is established based on the level of the kidney function, according to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NFK-KDOQI) criteria of diagnosis and classification (2) ( Table I) .
Kidney diseases with progressive renal insufficiency are usually accompanied by moderate or severe hypoproliferative anemia (3). Anemia was defined, according to the World Health Organization (WHO) criteria, as a hemoglobin value (HGB) of < 13 g/dL for men, respectively < 12 g/dL for women (2) . In patients with advanced stages of chronic kidney disease, the etiology of anemia is multifactorial -the decrease of erythrocyte production, the increase of the erythrocitary destruction because of the intravascular or extravascular hemolysis, as well as the increase of blood loss (4) . There is a combination between the decrease in the lifespan of the circulating erythrocytes, secondary to uremia, and an insufficient response of the erythropoietin (EPO) production, because of the kidney disease. During the evolution of the kidney disease a progressive decrease of the glomerular filtration rate and of the hemoglobin concentration has been noticed. Anemia often appears in the chronic kidney disease at GFR under 30-35 mL/ min/1.73 m2 (5), and is normocytic normochromic with a normal or low number of reticulocytes (6) . The reduction of the erythropoietin synthe- sis is proportional to the degree of excretory impairment. The main problem is not constituted by the total loss of the EPO production, but by the lack of an adequate response to the degree of anemia (4) . Anemia represents an important cause of morbidity and mortality in patients with reduced glomerular filtration rate (7) . The use of the erythropoiesis-stimulating agents (ESA) has significantly contributed to the improvement of the anemia treatment and of the quality of life of the patients with chronic kidney disease (8) .
The aim of the study consists in establishing the correlations between the level of serum erythropoietin, anemia and the chronic kidney disease, in order to understand more clearly the manner how the deficiency of kidney function is accompanied by the reduction of the erythropoietin synthesis, followed by the decrease of bone marrow erythropoiesis, and reflected in the values of the reticulocytes, erythrocytes, hemoglobin and hematocrit.
Material and methods
The study was carried out between March 2011 and March 2012. The study protocol was approved by the Ethics Committee of University of Medicine and Pharmacy Tîrgu Mureş and the study was conducted in accordance with the Helsinki Declaration. 58 persons were included in the study: 37 patients with chronic kidney diseases -19 non-dialysis-dependent, 18 with a kidney transplantation; 21 apparently healthy persons (H), with similar age. They were hospitalized or were under ambulatory surveillance in the Departament of Nephrology of the Clinical Hospital Mureş, in the Departament of Nefrology and in the Specialized Ambulatory Adults of the Emergency Clinical Hospital Tîrgu Mureş, after obtaining the written informed consent of each person included in this study. The patients with CKD were selected on the basis of the diagnosis established according to the present international criteria. The patients who have recently received transfusions of blood or blood components were excluded from this study.
1. Methods of clinical evaluation: data referring to the diagnosis of the chronic kidney disease, stages II-IV, according to the KDOQI (2), the presence of anemia and/or other associated diseases, and the treatment with erythropoiesis-stimulating agents.
2. Methods for evaluating the kidney function: the quantitative determination of the total proteins in the 24 hours urine through the ultrasensitive method with pyrogallol red and sodium molybdate (the Konelab 30 analyzer, Spinreact); the determination of the serum creatinine level through the kinetic alkaline picrate method (Architect c8000 analyzer, Abbott) and calculating the glomerular filtration rate, according to IDMS (Isotope-Dilution mass Spectrometry).
To estimate the GFR, the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula was used: where Scr is the serum creatinine (mg/dL); κ = 0.7, for women, or 0.9, for men, α is -0.329, for women, or -0.411, for men; min indicates the minimum Scr/κ or 1, and max indicates the maximum Scr/κ or 1 (9).
3. Special methods: the determination of the erythropoietin serum level using the chemiluminescent immunometric method in the solid phase (Immulite analyzer, Siemens). The reference values were established on the basis of the literature data and of the manufacturer recommendations (3.7-29.5 mUI/mL).
4. Hematologic methods for the evaluation of anemia: the complete blood count by measuring, numbering and calculating the hematological parameters (Cell-Dyn 3700 analyzer, Ab-bott); determining the reticulocyte number (RT) -supravital stain with "brilliant cresyl-blue" (10) ; calculating the reticulocyte production index (RPI) -according to KDOQI: RPI = RI/the maturation time. The reticulocyte index (RI) is calculated by reporting the absolute number of reticulocytes of the patient to the absolute number of reticulocytes of a healthy person (11) . RPI > 3 indicates hyper-regeneration, meaning the proliferative response of bone marrow is adequate to the degree of anemia. RPI < 2 indicates hypo-regeneration indicating an inadequate bone marrow response to the degree of anemia (12) .
The determinations were carried out in the Medical Analysis Laboratory of the Emergency Clinical Hospital Tîrgu Mureş.
5. Statistical methods: the statistical analysis was performed using Microsoft Excel 2003 and GraphPad InStat version 3.0. Means were compared using Student's t-test. The Pearson correlations coefficient was calculated. The results are considered significant in case of p < 0.05.
Results
The patients involved in the study were evaluated considering characteristics referring to age, sex, the stage of the disease, the basic kidney disease, comorbidities and treatment. The mean age of the apparently healthy persons was of 55 ± 17 years, and that of the patients with CKD was of 53 ± 15: the non-dialysis-dependent patients had the mean age value of 58 ± 17 years and those with a kidney transplantation the mean age value of 47 ± 11 years. The mean age of transplantation was of 41 ± 13 years. From the patients with CKD, 20 (54.05%) were men and 17 (45.95%) were women, and from the group of the apparently healthy persons, 11 (52.38%) were men and 10 (47.62%) were women. The kidney disorders were represented as follows: chronic glomerulonephritis (48.65%), polycystic kidney disease (15.79%) and chronic tubulointerstitial nephropathy (13.51%). The most frequent diseases associated with CKD are: arterial hypertension (70.27%), anemia (51.35%), secondary hyperparathyroidism (24.32%), ischaemic heart disease (21.62%) and diabetes mellitus (18.92%).
The patients with chronic kidney diseases were constituted into 2 groups: 19 (51.35%) patients with non-dialysis-dependent chronic kidney disease (CKD-ND), stages II-V ( The values of the erythrocyte parameters, the serum level of erythropoietin and the indicators of the kidney function -proteinuria, serum creatinine, GFR were analyzed (Table II) .
The patients from the CKD-ND group were distributed into 2 subgroups according to the presence or absence of the ESA therapy. The mean values of HGB and EPO in the subgroup that was not treated with ESA were of 12.1 ± 1.5 g/dL, respectively 16.9 ± 9.2 mUI/mL, and in the subgroup treated with ESA were of 11.0 g/dL ± 1.0 g/dL, respectively 31.5 ± 18.3 mUI/mL.
The patients with CKD-T were separated into 2 subgroups according to the presence or absence of anemia. The mean values of HGB and EPO in the subgroup without anemia were of 14.0 ± 1.2 g/dL, respectively 15.3 ± 5.8 mUI/ mL, and in the subgroup with anemia not treated with ESA were of 9.7 ± 1.7 g/dL, respectively 20.6 ± 19.8 mUI/mL.
The associations between the level of serum erythropoietin level, erythrocyte parameters and indicators of the kidney function were evalu-ated (Table III, IV) . In patients with CKD who received ESA treatment there are no significant correlations between the serum level of erythropoietin, erythrocyte parameters and indicators of the kidney function (Table III) .
Significant correlation were represented graphically (Figure 1, 2) .
Discussions
The mean age of the patients with CKD-T in our group was 47 years, similar to that reported by a study carried out in Germany -48 years (13) , and the mean age of transplantation was 41 years, close to that announced by TRES-AM (The Transplant European Survey on Anemia Management) -45 years (14) . In the patients group the sex distribution men:women is 1.18:1, similar to the sex distribution in the control group, 1.10:1. The increased value of creatinine indicates kidney dysfunction (15) . Both creatinine and GFR, in patients with CKD-ND and patients with CKD-T, reflect the degree of the renal deficiency (Table II) . The persistent proteinuria is considered to be the main marker of the kidney damage (16) , its values being, both in the CKD-ND group and in the CKD-T group, over the physiological limits (Table II) .
Anemia is often present in patients with CKD, more than half (51.35%) of the patients included in our study having anemia. CDC (Centers for Disease Control) reports showed that among the non-dialysis-dependent patients 68.00% had anemia (17) , and this is similar with our results, 68.42% of our patients with CKD-ND having anemia. A great prevalence of anemia was observed, in a multicentric study, in patients with different stages of CKD, indicating that for a level of HGB under 12 g/dL, the evaluation of anemia etiology should be initiated (18) . For patients with a HGB level under 11 g/dL, introduction of the ESA therapy is recommended (18, 19) . In our study the CKD patients in stage II did not present anemia, the patients in stage III had a prevalence of anemia of 44.44%, and in the stages IV and V, all the patients with CKD-ND had anemia, 61.54% of the patients with CKD-ND being treated with ESA. A significant number of patients who have benefited of a kidney transplantation had persistent anemia (20) . The renal dysfunction is the most important factor of risk for post transplantation anemia (PTA). Anemia can be aggravated by the immunosuppressive medication, especially by the cyclosporine, mycophenolate mofetile and azathioprine (21) . The prevalence of PTA in our study is 33.33%, close to the value reported by the European Transplant Survey -38.60% (22) . In our study, men had a slightly higher prevalence of anemia compared to women (55% to 47%). There is a higher prevalence of anemia associated with CKD in older patients (23) . In our study the prevalence was 66.67% in patients over 60 years, probably as a consequence of the lower glomerular filtration rate, of the increased risk of developing uremia and of the complex pathology specific to the age. A higher erythrocyte regeneration rate was highlighted in the group with kidney transplantation, as RPI (1.79 ± 0.81) differs significantly from the value in the apparently healthy group (1.18 ± 0.24) (p < 0.05), because the transplanted kidney synthesizes endogenous erythropoietin, with a stimulating effect on the bone marrow erythropoiesis. The RPI in the CKD-ND group (1.27 ± 0.55) is close to that in the apparently healthy group. Anemia associated to CKD is hypoproliferative, the reticulocyte values and RPI < 2 indicating an inadequate bone marrow response to the degree of anemia. The erythrocyte number, the hemoglobin and the hematocrit in the CKD-T group were higher, but not significantly, than those in the CKD-ND group (Table II) . The hemoglobin concentration in the CKD-T and CKD-ND groups are lower compared to that in the apparently healthy group (p < 0.05). The values of the erythrocyte indices does not differ significantly in the groups with CKD from the apparently healthy group because in most cases anemia is normochromic and normocytic.
The main cause of the anemia associated to CKD is erythropoietin deficiency (24) . It was noticed that although the serum concentration of EPO was significantly higher in patients with CKD-ND who received ESA (31.5 ± 18.3 mUI/ mL), compared with those who did not receive it (16.9 ± 9.2 mUI/mL) (p < 0.05), the HGB concentration was lower (11.0 ± 1.0 g/dL versus 12.1 ± 1.5 g/dL). This situation occurs probable because patients who need the ESA therapy are in advanced stages of CKD (mostly in IV and V stages) but also because of the inferior efficacy of the recombined EPO compared to the natural EPO. Although the EPO level in patients with CKD-T and anemia not treated with ESA (20.6 ± 19.8 mUI/mL) is higher than in patients without anemia (15.3 ± 5.8 mUI/mL), that increase is not significant and also not adequate to the degree of anemia, a fact reflected by the mean HGB in patients with anemia (9.7 ± 1.7 g/dL), which is significantly lower compared with that in patients without anemia (14.0 ± 1.2 g/dL) (p < 0.05). The ESA treatment is necessary in the patients with CKD associated with anemia, and it has beneficial effects but also adverse effects, especially cardiovascular events (25) , which are increasing with the concentration of serum erythropoietin. Thus, it is important to establish the minimum doses sufficient to maintain the hemoglobin within values between 11-12 g/dL (19) . Because of the individual biodisponibility variation, the ESA therapy must be conceived and applied in a particularized way, taking into consideration comorbidities, age and physical activity (26, 27) .
The correlation coefficients had low values in the group of the apparently healthy persons and in that of the patients with CKD without anemia compared with the patients who had CKD associated with anemia. Strong positive correlations were found in the group of patients with CKD-ND not treated with ESA, between GFR and RBC, and between HGB and HTC (Table III) . A strong negative association of creatinine with RBC and a very strong negative association with HGB and HTC was highlighted. A study that was carried out by researchers from Turkey observed the fact that the value of HGB was positively correlated to the creatinine clearance and negatively correlated to the level of the serum creatinine (15) . The present study confirms these conclusions, as strong negative correlations of creatinine with RBC, HGB and HTC, as well as strong positive correlations between GFR and RBC, HGB and HTC were highlighted. In patients with CKD-T and anemia a series of associations were highlighted: EPO is strongly positively correlated with RBC; proteinuria is strongly negatively correlated with RBC, strongly negatively correlated with HGB, HTC, EPO and GFR, as well as strongly positively correlated with creatinine; creatinine correlates strongly negatively with RBC, GFR and EPO; GFR correlates strongly positively with RBC and with EPO (Table IV) . The moderate and low associations in patients without anemia are the consequence of the negative feedback mechanism -the tissular oxygenation is sufficient, the concentration of HGB in the blood is normal, which inhibits the EPO synthesis. The significant associations in patients with anemia associated to CKD are due to the positive feedback mechanism -the tissular oxygenation is insufficient because the concentration of HGB is low, which stimulates the erythropoietin synthesis, but this is inadequate for the degree of anemia.
The gradual decrease of the erythropoietin synthesis during the evolution of the chronic kidney disease can be remarked (Figure 1 ). The decrease of the erythrocyte number correlated with the increase of the creatinine is obvious (Figure 2 ). The images reflect the distribution of the apparently healthy persons as a well-delimited compact group, with the best kidney function, with the values of the erythrocyte parameters and the serum values of the erythropoietin in the reference interval. The group of the patients who received kidney transplantation partly interferes with that of the healthy persons and partly with that of the patients with CKD-ND. The explanation for this distribution consists in the fact that the patients with CKD-T presented a wide variation: in the case of the persons with normal function of the transplanted kidney, anemia can be corrected due to the endogenous erythropoietin synthesis, while to some persons it is possible to occur post transplantation anemia, with its characteristic aspects related to the functional state of the kidney graft and the immunosuppressive therapy (28) . The group of the non-dialysis-dependent patients has a distribution determined by the successive stages of the chronic kidney disease associated with anemia, prevalent in the advanced ones.
These associations constitute the support to demonstrate the relationship between the deficient kidney function and anemia, erythropoietin being the connection element, in the sense that the kidneys with structural and functional alterations synthesize insufficient erythropoietin to correct anemia. Anemia associated with CKD requires a treatment according to its complexity, in order to eliminate the deficiency of erythropoietin through the ESA therapy, as well as the insurance of the iron, vitamins and minerals intake, necessary for an efficient erythropoiesis.
Further studies with a larger number of patients are necessary in order to find out new and efficient therapeutic alternatives with minimal side effects.
Conclusion
During the evolution of the chronic kidney disease erythropoietin synthesis decreases, its level being inadequate to the degree of anemia, a fact reflected by the reticulocyte production index, as well as by the low values of the erythrocyte count, hemoglobin concentration and hematocrit. Following transplantation, the kidney function and anemia have a generally favorable evolution, but the manifestation of post transplantation anemia is possible. The severity of anemia is associated with the gravity of the chronic kidney disease, a fact supported by the correlations existing between the level of the serum erythropoietin, the erythrocyte parameters and the indicators of the kidney function, correlations that are not strictly linear and are more obvious in the advanced stages of the chronic kidney disease.
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